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The EU climate policy set-up
Since ratifying the Kyoto Protocol in 2002, the European Union (EU) has remained at the forefront of climate change mitigation efforts amongst developed economies, setting itself a target of 20 per cent reduction in domestic greenhouse gas (GHG) emissions by 2020 compared to 1990. The EU reduction obligation is distributed between Member States (under the Effort Sharing Decision, ESD) and industry (under the Emission Trading Scheme, ETS). The agricultural sector, as a CO 2 and non-CO 2 emitter, is included under the ESD (Council of the European Union, 2009 ), but no policy measures are implemented that would explicitly oblige agricultural sector GHG emission abatement. The European Commission has started to refl ect on the future climate change policy framework for the period after 2020 (European Commission, 2013 and 2014) and on 23 rd October 2014 the European Council agreed on the target of cutting domestic GHG emissions by at least 40 per cent by 2030 compared to 1990 levels. The agreement highlights that mitigation efforts have to be distributed across Member States by explicitly considering cost-effectiveness arguments. To achieve the overall target, emissions of the ETS sectors have to be cut by 43 per cent and emissions of the non-ETS sectors by 30 per cent compared to 2005 levels (Council of the European Union, 2014 ). Regarding the agricultural sector the challenge for the EU is to position agriculture in a way that it contributes to achieving mitigation targets while at the same time ensuring that its competitiveness is not compromised. In this article we focus on the potential economic effects of adopting emission mitigation targets for the agriculture sector in the EU and draw some conclusions based on recent quantitative work.
The European agricultural sector is a large emitter of non-CO 2 greenhouse gases Agriculture is the main emitter of non-CO 2 GHG emissions, notably nitrous oxide (N 2 O) and methane (CH 4 ). EU GHG emissions in the source category agriculture (Common Reporting Format (CRF) Sector 3 in the UNFCCC offi cial inventories; Sector 4 until 2014) accounted for a total of 469 million tonnes of CO 2 eq. in 2012, representing about 10 per cent of total EU GHG emissions. Depending on the relative size and importance of the agricultural sector, the share of the agricultural emissions in total national GHG emissions varies considerably within EU Member States (Figure 1 ).
The relative changes in agricultural GHG emissions between 1990 and 2012 (-24 per cent) are lower than those achieved in the sectors waste (-32 per cent) and industrial processes (-31 per cent), but higher than in total EU GHG emissions (-19 per cent). At the aggregated EU level, agricultural emissions have reduced signifi cantly over the last two decades, from over 617 million tonnes of CO 2 eq. in 1990 to about 469 million tonnes in 2012 (Land Use, Land Use Change and Forestry -LULUCF emissions not included); this corresponds to a 1 per cent reduction per year over the last two decades. The decrease can be attributed to several factors, productivity increases and a consequent decrease in cattle numbers have been the primary cause, as well as improvements in farm management practices and developments related to agricultural and environmental policies, particularly the decoupling of payments to producers from production. The trend of decreasing EU agricultural GHG emissions is expected to continue over the next decade, especially due to further emission effi ciency gains in agriculture. Nevertheless, the decrease is projected to take place at a considerably lower pace due to, among other factors, higher demand growth for ruminant products and lower productivity growth (see baseline projections in Pérez Domínguez et al. , 2012 ) . A possible policy response in the light of such a projected slowdown might be to introduce binding GHG mitigation obligations for the agricultural sector, in order to achieve the overall GHG emission reduction target. However, the design and impact of these obligations needs to be analysed carefully.
The need for a carefully designed and fl exible agricultural emissions mitigation policy Leip et al. ( 2010 ), Pérez Domínguez et al. ( 2012 and Witzke et al. ( 2014 ) show that targeted but fl exible mitigation policies in the agriculture sector can help to minimise or even avoid negative effects on production. These studies apply the CAPRI model (Britz and Witzke, 2012 ) to the analysis of different potential emission targets in EU agriculture (Box 1 ). The studies also show that it does not cost the same for all producers within and across Member States to reduce emissions, i.e. marginal abatement costs can vary a lot between agricultural activities and regional farming systems. Pérez Domínguez et al. ( 2012 ) and Witzke et al. ( 2014 ) calculate the potential abatement costs faced by different regions if a homogeneous cap on emissions were to be enforced. Figure 3 illustrates that countries like Austria, Netherlands and Sweden have higher marginal abatement costs than the EU average. By contrast, Greece, Romania and Hungary are clearly below the EU average. The fi gure also shows that the spread of abatement costs within Member States can vary considerably; and is for example larger in Italy, Poland or Germany, than in other countries such as France, Belgium or Finland, implying a more heterogeneous production structure. A climate action policy needs to be designed to deal with these cost differences if GHG emission reductions from agriculture are to be achieved without unnecessarily high costs.
The use of fl exible instruments for climate change mitigation can increase economic welfare emitters to adjust their emission reduction efforts depending on their cost structures, while at the same time enforcing a certain emission mitigation target. However, there are no operational examples of emission trading systems specifi cally targeting the agriculture sector, as a consequence of (a) the diffi culty of measuring different emission sources, including complex biophysical reactions, and (b) the relatively modest share of emissions compared to other sectors. Conceivably, such a system would only be feasible when targeted at large emitters (e.g. large livestock producers or large-scale fertiliser use farm holdings). Moreover, it would need to take into account a thorough assessment of transaction costs and internal emission leakage due to not including all emitters within the trading scheme. Pérez Domínguez et al. ( 2012 ) carried out an exploratory study with the CAPRI model that involves a scenario simulating a European market for agricultural emission permit trading (Box 1 ). The results underline the potential economic welfare gains compared to other less fl exible emission mitigation mechanisms. For instance, with the implementation of a 'cap-and-trade' system in EU agriculture, a more moderate burden for European consumers is estimated (i.e. lower increases in food prices), which would outweigh lower agricultural revenues. Moreover, additional revenues are expected for agricultural producers through the trading of emission permits. The analysis assumed a free distribution of emission permits based on a historical reference, so-called 'grandfathering'.
Gradual uptake of technological emission mitigation measures seems crucial
The use of fl exible policy instruments for climate change mitigation is only one way to keep mitigation costs for farmers at a minimum. A recent study by Witzke et al. ( 2014 ) highlights the importance of technical and management-based mitigation measures in the context of agricultural GHG emission reductions. In the study, measures like farm scale and community anaerobic digestion, propionate precursors, nitrifi cation inhibitors, precision farming and changes in the composition of animals' feed have been considered. By introducing a wide -but by no means exhaustive -range of endogenous mitigation technologies into the CAPRI model, the study demonstrates that any negative impact on agricultural production and trade that potentially accompanies binding emission mitigation targets may be reduced by one third when technological mitigation options are available. Their analysis also shows that different assumptions on the availability and uptake of technologies signifi cantly infl uence the scenario results. They conclude that strengthening innovation systems in the area of technological mitigation options and facilitating the adoption of policies to promote their diffusion could turn out to be very important to effi ciently mitigate agricultural GHG emissions.
Emission leakage could jeopardise unilateral EU mitigation commitments
The European Council endorsed in October 2014 the '2030 framework for climate and energy policies', which is supposed to allow a fundamental transition in the EU economy, secure markets for the expansion of the European low carbon industry and help in fi nding a global climate change agreement (European Commission, 2014 ; Council of the European Union, 2014 ). Such a further step forward in EU climate change policy gives both planning reliability to the actors in the sectors concerned and a positive signal to non-EU countries with regard to the EU ' s commitment to serious GHG mitigation action. However, a unilateral emission mitigation commitment could provoke emission leakage. Emission leakage arises when production is re-allocated to regions where producers do not have to comply with similar emission reduction objectives (i.e. with less stringent or no mitigation targets), leading to higher emissions in these regions. Emission leakage could harm the European economy and jeopardise emission mitigation efforts from a global perspective, in the worst case even resulting in a net increase of total global emissions.
In Table 1 , three emission mitigation policy scenarios are presented (see Pérez Domínguez et al. , 2012 ) : a homogeneous emission mitigation standard (STD), a specifi c effort sharing agreement for agriculture (ESAA) and a specifi c emission trading scheme for agriculture (ETSA). All three scenarios have the target of a 20 per cent GHG emission reduction in EU agriculture in the reference year 2020 compared to EU emissions in the base year 2004. All scenarios show impacts on agricultural production in the EU, which triggers changes in prices, production and trade in other regions of the world, thereby directly affecting the global GHG emissions. As a consequence some of the EU emission reduction effort is negated through increased emissions in the rest of the world. The lowest leakage is obtained with the ETSA scenario, which is the most fl exible policy instrument of the three, as it allows agricultural producers to trade emission permits. Thus the design of a mitigation policy framework is crucial in minimising production displacement and carbon leakage. However, even though a unilateral commitment by the EU to decrease emissions from its agriculture sector might be a step in the right direction, it is clear that multilateral action is also needed. Therefore, emission targets should also be set for other important methane and nitrous oxide emitters such as the US, China, Russia, Argentina, Brazil and Australia so as to effectively reduce global GHG emissions.
A targeted fl exible approach
We conclude that a combination of targeted but fl exible policy Box 1 : The CAPRI model CAPRI (Common Agricultural Policy Regional Impact Analysis) is a global comparative-static agricultural sector model with a focus on the EU and covering bilateral trade of agricultural products. CAPRI consists of two interacting modules: a supply module and a market module. The supply module consists of about 280 independent aggregate optimisation models representing agricultural activities (grouped in 28 crop and 13 animal activities) in a NUTS-2 region within the EU. The market module consists of a spatial, non-stochastic global multicommodity model for 47 primary and processed agricultural products, covering 77 countries in 40 trade blocks. The behavioural functions for supply, feed, processing and human consumption in the market module apply fl exible functional forms, so that calibration algorithms ensure full compliance with micro-economic theory. The link between the supply and market modules is based on an iterative procedure.
In CAPRI an emission trading system for the agriculture sector is included, specifi cally tailored to represent regional (spatial) trade of non-CO 2 emission permits within the EU. instruments for climate change mitigation in agriculture is crucial to account for the complexities of the sector and to allow farmers to fi nd cost-effective solutions to reduce emissions. Moreover, climate change mitigation has to be considered in a global context to avoid the negative consequences of emission leakage and to reduce global GHG emissions effectively. The EU has to work out the details, but has taken important steps in this direction, so who is next?
Disclaimer
The views expressed are purely those of the authors and may not in any circumstances be regarded as stating an offi cial position of the European Commission. During the last decade the European Union has shown a fi rm determination to move to a low carbon economy. Since 2008 the agricultural sector has been part of this strategy and is included in the EU effort sharing decision. Introducing specifi c GHG mitigation obligations for agriculture could be one option to achieve an overall GHG emission reduction target. One argument for this strategy would be that the agricultural sector is the main contributor of non-CO 2 greenhouse gases. Nevertheless, a comprehensive EU mitigation policy would most likely have to take into account the particularities of its diverse agricultural sector, refl ected by different trends in historical GHG emission reductions, and a varied mitigation cost structure between farming systems. Consequently, using targeted but fl exible policy instruments may more equitably distribute the mitigation efforts across Member States and reduce cost ineffi ciencies. The increased uptake of technological and management emission mitigation measures would be crucial to keep mitigation costs for EU farmers at a minimum. However, while unilateral action would initially signal the EU ' s commitment to serious GHG mitigation effort in the sector, ultimately a multilateral agreement is needed to minimise emission leakage and to reduce global GHG emissions effectively. 
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